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Interesting Times ...
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a“inea HPC Bottlenecks

21.6%
| 20 7%

Debugging

Limits of HPC software tools

Code writing, efficiency, and translation

Hardware

Personnel

MPlissues

Performance / performance metrics

Interface issues

VO Issues

Libraries

Portability

Limits of simulations / parallelizing complex situations
Compiler issues

Message passing / threads

Peak vs. sustained performance in FPGA vs. CPU
Profiling ;

Other 6.9% |

0% 10% 20% 30%

Source: SMG categorization of responses Sept. 2006. Percent of Responses

* Shortening application development time is vital

* Debugging is now the major issue !
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a“inea Allinea Software

« HPC tools company since 2001
— DDT - Debugger for MPI, threaded/OpenMP and scalar
— OPT - Optimizing and profiling tool for MPI| and non-MPI

— DDTLite — Parallel Debugging Plugin for Microsoft Visual Studio
2008 SP1 and above

« Large European and US customer base

— Ease of use — means tools get used
— Users debugging regularly at all scales
— Scalable interface — easy to use at 1 or 100,000s of cores

« Looking to the future
— In use at Petascale, collaboration with ORNL
— Building debuggers that scale on Jaguar XT5
— GPU product in Beta
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allinea Why Debug with Tools?

* We need good debuggers
— Instrument the code: printf - is not a time-effective solution
— Command line debugging: doesn't scale
— Complexity scales..
» User overload: beware the deluge of information

» Good tools can present information better
» Aggregation of control across cores

— Good software tools lead to
» Faster development
» More effective maintenance/deployment
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a“inea

* A powerful and highly intuitive tool
— Traditional focus has been HPC

* Cross-platform support
— Linux, Solaris, AlX, Super UX, Blue Gene O/S
— Blue Gene, Cell, x86-64, iab4, PowerPC, Sparc, NEC, NVIDIA
— GNU, Absoft, IBM, Intel, PGI, Pathscale, Sun compilers

« Across all MPl and OpenMP implementations
— From low end to high end

» Support for all scheduling systems
— SGE, PBS, LSF, MOAB, ...

— Flexible, powerful, easy to use queue submission
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allinea DDT Basic Principles

* A sophisticated GUI aids development
— Helps the user to control parallel execution
— Helps to find and focus on potential problems

— User controls actions......
— Set breakpoints, watchpoints, lock step, align stacks etc
— Can focus in on individual threads/processes

— Can quickly and easily create groups of processes
— Controlled in the same way as individual

— See stack across all processes Session Saec Sewch View Cate e
”Currem GrcupICrash j ’ “ {—l} {_} {I'; g s a 5

— All based on code logic !

™ PrIMCr T A T O o AT, T
97 printf ("I have Zd arguments. n". argc):
95 pirintf {"“tHow many did I say?iwn"l:

& o P printt (" They aretin"d:

fordi=0:idarenzit+

101 [On this line: . i, argelill:

Workers (3.0, 5.0, 8.0

104 |AINE.0, 50, 8.0 I

105 |Crash (2.0, 5.0, 80) [ @n environment tooin"):

18? Ereakpoint for Crash E:‘:Tm)riﬂ)
108 printf{"Esin". *e )
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Loading DDT in Jaguar XT5
%module load ddt

Compiling your application with debugging option
%cc —g myapplication.c —o myapplication

Invoking DDT
%ddt myapplication
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Sllines DDT - Start Debugging

* Ability to run in numerous modes

DDT - Welcome

Welcome to DDT

What would you like to do?

j j l | Bun and Debug a Program |

Debug a Multi-Process Mon-MPI Program

- Attach to a Running Program

Open a Core File

EfEiﬂEE :

HOALE TO RMEW HEIDHTH Restore a [:_":heﬂhp.cﬂnt

Cancel
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Queue Submission

 DDT has a GUI to submit jobs
« Can customize submission scripts with GUI

* You can specify MPI versions, input data information, advanced
submission options.

X! DDT - Run (queue submission mode)

Application: | /lustre/widow1/scratch/oscarh/examples/myprogram

Arguments:
Run Without MPI Support

Options: Cray XT MPI, use queue | Change...
Queue Submission Parameters: Wall Clock Limit=00:15:00, Account=5TF010, Queue=batch | Change...
Number of processes |1200 : Number of threads (OpenMP only): | Off :

Advanced >>

SCALE TO NEW HEIGHTS
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Sllines DDT - Scheduler Launch

* Enhanced Queuing Submission
— Simple mechanism to customise options
— Submit non-mpi jobs to a queue
— Set pre-defined variables in submission script
* System administrator configures

# Name: LoadLeveler

#JOB_TYPE TAG: {type=select,options=parallel|serial label="Job Type",default=parallel}

#WALL CLOCK_LIMIT TAG: {type=text,label="Wall Clock Limit" ,default="00:30:00",mask="09:09:09"}
#NODE USAGE TAG: {type=select options=not shared|shared,label="Node Usage",default=not_shared}
#ACCOUNT TAG: {type=text,label="Account",global}

Job Type: parallel -

Wall Cleck Limit:  00:30:00
Node Usage: not_shared -

Account:

— Alter the pre-defined variables at run-time
* User selects own specific values

[ ok ||| cancel |
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a“inea DDT - Features

e Scalar Features

— Advanced C+ + support including STL, namespaces, virtual
functions and templates

— Advanced Fortran 90, 95 and 2003 support including modules,
allocatable data, pointers and derived types

* Multithreading & OpenMP features
— Perform actions individually or collectively

Current Group: All ~ |Focus on current: ® Group (' Process ) Thread Step 1

All 16 processes (0-15) Paused: 15 Running: 1

Show processes I Currently selected: 1
100

1 process (0) Running: 1

* MPI features
— Control processes
— Individually or by groups
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15 processes (1-15) Paused: 15

Create Group



allinea DDT - Scalability

* Process View (Summary or Detail)
— Chosen automatically or user driven
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allinea DDT - Scalability

* Process View (Summary or Detail)
— Chosen automatically or user driven
— Create new groups based on process “status”
— Control 1000s of processes in the same way
— All based on code logic

Allinea Distributed Debugging Tool

Session Contrel Search View Help

“Current Group:IAII jFDCUE on current: & Group (© Process " Thread [T |JJ =N “D i = P

All 64 processes (0-63) Paused: 64 Running: O Finished: 0

— Currently selected: - Jump to code
Root 1 process (0) Paused: 1

Create group
Workers 63 processes (1-63) Paused: 63

Copy this group

Project Files Fortran Modules 11 dAnt main( int argc, char *argy | Create group without: » Running
= - - 12 0% :
Ed Project Files 13 int done = 0, n, myid, numg Finished
}. &7 Source Tree 14 double PI2SDT = 3.7141592652 | L=
: i 15 double mypi. pi. h, sum. =
+- = Header Files 16 double startwtime = 0.0, er
i : 17 int namelen:
+- & Source Files 18 char processor_name [MPT_max_ Cange colour
19— Save groups... [
21 MPI_Cofrfr_s1ze [ HPL_COMM_WORL laeg]
22 MPT_Comm_rank{MPT_COMM_WORL e Qe
23 MPI_Get_processor_name{proc Detailed View
24
25 fprintfistderr, "Process =d 5 Wi
26 myid, processor_namel; |T ummary View
27 Automatic
28 n = 0;
29 vhile (!danel
an I3
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a“inea DDT - Breakpoints/Watchpoints

* Quickly and easily control you debug session

— Breakpoints
* Default settings (enable/disable)

* Double click to add them
* For all processes, groups or a single process
* Enable/disable from window panel
* Add a condition
@ st :, MPI_INT, 1, 0, MP|_COMM_ WORLD);
Messages 3
| ;pﬂss'm””? v Stop at abort/fatal MPI Error
Q MPI_Barrier(MPI_COMM_WT Stop on fhrow (C++ exceptions)
‘] ] .L] llj;- L | Stop on catch (C++ exceptions)

= v Stop on fork
Irput.l'()ui]:ll..ll Breakpﬂlnts Watches Stacks W Stm on exec

| Processes |Threads | File |L|ne |Funct|un rCGMItIun | Ful path |

< Al loop.c !homefgcmkmlllnea.-‘CVSf

P T T I S N T ey

L | D

www.allinea.com SCALE TO NEW HEIGHTS




a“inea DDT - Breakpoints/Watchpoints

* Quickly and easily control you debug session

-
Project Files | F  »

EElProject Files startwtime = MPI_Wtime();
O

t
MPI_Bcast(&n, 1, MPI_INT, 0, MPI_COMM_WORLD);

+-£4Source Tree

)y if (n == 0}

+- S Header Files done = 1;

+ =3 Source Files else
h = 1.0/ (double] n;
sum = 0.0;

for (i = myid + 1; i == n; i += numprocs)

® = h* ((double)i - 0.5);
sum += fix};
MP| Barrier(MPI COMM WORLD):

mypi = h* sum;
MPI_Reduce(&mypi, &pi, 1, MPI_DOUBLE, MPI_SUM, 0, MPI_COMM_WORLD);
if (myid == 0)
i
printf("pi is approximately %.16f, Error is %. 16fn",
pi, fabsipi - PIZ5DT))
endwtime = MPI_Wtime();

printf{"wall clock time = %fn",
endwtime-startwtime);

£ - Dl

Breakpoints =~ Watches

Input/Output* Stacks

Expression |Value

Process | Expression Stack frame h 0.01
#10 main “myid 2
2pi #10 main ‘n 100

— Watchpoints

Add Expression...
Edit Expression...
Edit Value...
Edit Type...
Copy Value

Add To Watches

View As

View Array (MDA)

View Across Processes (CPC)
View Across Threads (CTC)
View As Vector (C/C++ only)
Get Address

Dereference Pointer

Check Pointer Is Valid

View Pointer Details

Eind Variable In Files
Evaluate With Wizard

Delete

Delete All

Load Evaluations...

Save Evaluations...

- 6 55327 1ssosovavn ety

* Select from evaluate, locals or current line

* Set if variable changes
* Program halts if change occurs
* Single process only

www.allinea.com
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allinea DDT - Scalability

=) Input/Cutput™ Breakpoints Watches @ Stacks
Procs } Threads Function

12[ 112 Zimain (cpi.c:37)
12 12| { EIPMPI_Bcast
{ Hlintra_Bcast

12 [ 112 HPMPI_Recv
n n &8 main (cpi.c:48)
1 1IC { EIPMPI_Barrier Show Children
1 I ! dintra_Barrier Hide Children

=1 B 2 e MNew Group (1 process)
S 3 3 N —IPMPI_Barrier
= 3 <3 | i | » Show Threads Column
(-] £
g v Show Processes Golumn
= ~ » Display: All Processes =

Display: Current Group

o

* Parallel Stack View

— Finds rogue processes faster
— ldentifies classes of process behaviour easily

— Allows rapid grouping of processes
— All based on code logic
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a“inea DDT - Data Comparison

* Cross Process/Thread Comparison (CPC)
— Run from evaluate, locals or current line
— Variable or expression

I IEE——————————
Local Variables £
:] Locals | Current Line(s)  Stack

Variable Name | Value | :]
- myid 2
mypi 0
-1 100

namelen 7
- NUMProcs 5
Add To Evaluations
- P1250T 3.1
- processor_name "gl:
‘:] - startwtime (U Edit Type...
[»] ||Type: double 1 Cony Value
| View As
View Array (MDA)
View Across Processes (CPC)
View Across Threads (CTC)
Check Pointer Is Valid

Add To Watches

o

View Pointer Detalls

Find Variable In Files

poT
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DDT - Data Comparison

a“inea

* Cross Process/Thread Comparison (CPC)
— Run from evaluate, locals or current line

— Variable or expression
— Create groups from results

Compare across:
® Processes in current group (All, 8 procs)

.+ Threads in current process (Process 0. with 1 thread)

Expression: from = 4 Compare ] Cancel
Array mode - evaluate for i, from 0 i} to |1 i} inclusive
Limit comparison to 1 i} s.f. + Align stack frames

Compare | Statistics Visualize
Process(es) | Value
1-5 [}
0, 6-7 1

Use as MPI Hank] Create Groups]

Close
www.allinea.com SCALE TO NEW HEIGHTS




a“lnea DDT - Data Comparison

* Cross Process/Thread Comparison (CPC)
— Run from evaluate, locals or current line
— Variable or expression
— Create groups from results
— Visualize e e

®) Processes in current group (All, 8 procs)

.} Threads in current process (Process 0, with 1 thread)

Expression: from Compare ] Cancel
Array mode - evaluate for i, from 0 ﬁ to |1 ﬁ inclusive
Limit comparison to 1 ﬂ s.f. « Align stack frames

Compare  Statistics  Visualize

Comparison of a single value

-
o o’
P N e | it
ggs —————————————————————————————————————————————————————————————————————————
I e e e
gmﬂ """"""""""""""""""""""""""""""""""""""""
E'E2 """""""""""""""" T """"""""""""""""""""
lﬂ1 _____________________________________________________________________
o
RN L |- — I _________________________________________________
[ I I I I I I 1
1] 1 2 3 4 5 [} T
Cloze
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a“lnea DDT - Data Comparison

* Cross Process/Thread Comparison (CPC)
— Run from evaluate, locals or current line
— Variable or expression
— Create groups from results
— Visualize

* Multi Dimensional Array viewer
— 3D OpenGL array viewer
— Export csv file for post analysis
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a“lnea DDT - Memory Debugging

* Simple to use
— Tick check box and use defaults.....
— .....0r select “Settings”
— Enhanced heap debugging settings

— Enable/disable guard pages (before or after)
& ™ Memory Debugging Options "W El

Application: | fhome/gcook/Allinea/CVS/code/documents/Training/Programs/Loop/loop - 9 v {Breload the memory debugging libra Language: |C/Fortran, threads i
Note: Preloading only works for programs linked against shared libraries. If your program is
Arguments: hd statically linked. you must relink it against the dmalloc library manually.

Run Without MPI Support Heap Debugging

Options: generic MPI, no queue Change... Minimal (fewest tests, picks up invalid pointers passed to memory functions)

MNumber of processes 8 > Number of threads (OpenMP only):  Off

Runtime (fast, basic tests including fence-post checking, null handling)

Low (adds minimal heap checking, overwriting of allocated/freed space)

Medium (adds full heap checking, always relocates block on realloc)

Plugins: | [ |nte| Message Checker 7.1 - Enables MPI message checking when using Intel MPI 3.0 or later High (adds checking for arguments to commaon functions)
Custom: | check-fence,free-protect

MPIRun Arguments: = Heap Overflow/Underflow Detection

Extra environment variables:

v Add guard pages to detect out of bounds heap access
(for MPI script and application) %

Guard pages: 1 =

. . Add d : |Bef
v Pause when the program reaches exit or _exit L iR E etore =

v Pause when the program reaches abort or has a fatal MPI error Adyanced b

Input File: E Specify heap-check interval: 100 .

v Enable Memory Debugging Settings...

Bun Cance|
QK Cancel
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a“lnea DDT - Memory Debugging

3 . Allinea Distributed Debugging Tool _

Session Selkct Searh View Hep

JJCunentGlDup:IAll Vl > {—1_} {__'} {r} ELE E Et‘
Al s

1 ][z ]]=
Check your overall —
= - " Thread:
Ploject Fies
: ! -
e ! Creck the memory usage T
- {4 Soure Fies #0 trisoil ()&t fhome/stefit ¥
. 0
v [ check.f0 CALL CHECK {a,b,x,resnrm) ; :
ﬁ abHad, Varabks:
_-|—r‘1dbruv.f . Locak | GCument Line(s)
+ []oendam 0 ! Print the solution and its tolerance Varable Name | Value
+- [ metnm.ta0 ! - MATHMRM 0x204e...
+-[7] mod_trisalfa0 s
i-rﬂnummcf @ anrm_= MATNRM (&) N “anm 218200,
. [Heowe.s0 T MR {
+[eotee. brrm = MAMVAL (ABS (k) ) ;
+- [Atrisolg0 ®Arm = MAKVAL (ABS (%)) -
|| Tabk Vv
tol = resnrnd {anrnEsnen+bnemn) I o
IF (tol.le.ONE) THEM
WRITE i#,” ("##% 3Solution o Tokl butes allocatedfieed Tofel number of memorvallocafionieallocadion calls
. Q00,000 — 225—
WRITE i%,’ (™##%* Error in g ]
B IF T ]
WRITE ix,” ("|x| / (sortin)xeps G00,000— 0
EHMD IF g ]
700,000 — '75—:
.'l - 1
4 4 B ) 500,000 |50—:
Stdout | stder | Stdin o cumentgoup) | Breskpoints | waches | son,000] 2 N N N S — ‘25_3 i el et el ileudekl delute
Gumently Displying: | Al - 1 Legend E Legend
400,000 — tofel allocaded butes fo0— allocadion calls
i fofal freed bytes - deallocation calls
200,000 75
200,000~ 50
100,000 | 25
| | ] H H H H
1
1) P P2 P.3 P4 PS5 P.E P7 PO P P2 P.3 P4 P.5 PE P7
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a“lnea DDT - Memory Debugging

3 . Allinea Distributed Debugging ToD1_

Session Selkct Searh View Hep

JJCunentGlDup:IAll 'l » {—l} {__'} {r} El‘ E EJ Er‘

All :'

EI u . Current Memory Usage -=

Grphicalview | bl view |

Totel Across Processes (in Byvtes) current Usage Across Processes (in Bytes)
Fmject Files . . 00,000 —
: ! X
S S Heade  Fiks ! Check the solution
i-ﬁSoul\:e Fikes '
[ check.fan CALL CHECK {a,b,x,resnrn) r £00,000 —
mmaruv.f B Process + -
| i B process
[ gzndamto0 ! Print the solution and its proer 2 || 70000
+ |—_"1 matnm.fa0 ! W process s
H . Process 7 —
+- | r| mad_trisol. 130 o P 1
%nummf o anrn_= MATNEM (=) W opod —
| ) IF (me.LE.0) THEM i
[Fzotve.ra0 4
+- | 7| trisclfO0
D 500,000 —
Legend
(Terx Solutil Alocation Detmis 1 Largest set(butes)

2nd largest set (hytes)

2.5 pir fom Owdddtset 1| 00,000 et el e
ec yo u r c u rre nt ("% Error - PIr 0% 215000, size: 199360 s lasust ot (ot
Ptr 0x41246000, size: 3560 — sth IWesfsgf[bms]

" | s (qut (n) = Ptr 0ud41 247000, size: 2560 Other allocations (bytes)

memory usage and st

where memory was .

allocated = | watches | il

100,000 —

Process+  Process6  Process2  Process 3 Process 5 Process 7 Process 1 Process0
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a“lnea DDT - Memory Debugging

|
3 . Allinea Distributed Debugging Tool Locate where
Session Selkct Searh View Hep
[pmroneln—=1» 1 & G & S S EIEY S hyguee
;' ‘ allocated
EI =

Grphicalview | bl view |

Totel Across Processes (in Bytes) fsage Across Processes (in Bytes)
Fmject Files . . 400,000
i i !
S S Heade  Fiks ! Check the solution
i-ﬁSoul\:e Files '
[F]check.fa0 CALL CHECK {a,b,x,resnrn) r Eo0000
|—r‘1dbruv.f B Process +
= Il' B process 6
[ gzndamto0 ! Print the solution and its proer 2 || 7ono00
; r_ﬂrrstnrm.igo ! W process s
+-[7] mod_trisalfa0 Fracess 7
i |—‘anummf o anrn_= MATMNEM (=) J :
| ) IF (me.LE.0) THEM
[J=atveta0 bnrm = MARYAL (ABS (b)) Fointer. 041215000
+- [Atrisolg0 shrm = MARVAL (ABS (%)) Size: 199350 bytes
tol = resnrnd (anrnEsnrn+
IF (tol.le.ONE) THEM | ——— meromerumsabmanaar Ceand
WRITE i#,” ("##% Soluti] Alocation Detail Lar;;lesrset‘[bs:hhs:'h
R 2nd largestset (byrtes)
= Hpte fomossgf| | Smck fame 31 lorgest set bates)
WRITE (%, ("#x% Error o PIn One 21 #0 (0420906ef - for_alocate) 4t largest st (bufes)
B IF Ptr Ox4124 |41 042000797 - for_alioc_alocatable) ;""hl:';f;::;u'r“:f;;’m
WRITE ix,” ("|«| / (sgrtin) - Pte 0u1 24 o trie ) F00:40 [D5E0435 - trisol)
EMD IF #3 (Dx804d2eS - main)

Stdout IShderr Stdin (to cumentgoup) | Breakpoints | watches |

Cumently Displying: | &

-

Clicking on one of the above lines will jump to that kcation in yourcode

Process 3 Process 5 Process 7 Process 1 Process0

www.allinea.com
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a“lnea DDT - Memory Debugging

3 . Allinea Distributed Debugging ToD1_ =

Session Selkct Searh View Hep
— —
JJCunentGlDup:IAll <> &=
. ] [l = 0l=]l=]
EI u _ Current Memory Usage__ =
Graphical Wiew Tablke View
HH BB EHEBAE |
Totel Across Processes (in Butes) Current Usage Across Processes (in Bytes)
Prject Files . 00,000
: ' 3
S S Heade  Fiks ! Check the solution
. ] soure Fies '
»}-mcheck.m CALL CHECK {a,b,,resnrm) Toond 500,000
+ rldamv.f B Process +
H=—, Il' B process 6
‘;'mge“d“m ! Print the solution and its 2 1] 700000
+-| 7] matnm.fa0 ! B Process §
+- [F] mod_trisol.fa0 Process?

anrn_= MATMNEM (=)

¥ L] mumeed IGETCAEN = ] = Distributed Debugging Tool e
+:|£]eohve 100 brirm = MAKVAL (ABS (b))
+- [Atrisolg0 ®Arm = MAKVAL (ABS (%)) Processes 0-7:
tol = resnrnd (anrnEsnrn+ . . o . .
IF (tol.le.OME) THEN Program stopped in vfprintf from flib/libc.so.6 with signal SIGSEGW. 3end
WRITE (x,” ("sxx  Solutd Reason/Origin: address not mapped to object o et e
WRITE (+," ("sxx Error Your program will probably be terminated if you continue. ikt donet
EMD IF You can use the stack controls to see what the process was doing at the time. e
WRITE ix,” ("|«| / (sgrtin)

END IF I Always show this window for signals

= Continue

|| Stdout ISwderr I Stdin (to cument

G ua rd Pag es Glicking on one of the above lines will jump 1o that lbcation in your code
Stop immediately on
read/write beyond
e
array end and I _ 4
common errors

Process 3 Process 5 Process 7 Process 1 Process0

L5}
[
¥
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allinea DDT - Checkpointing

* GDB
— Single session, no option to save/restore
— MPI support
— No thread support
— Still in the experimental stage

A Thread Step Threads Together
ElETEIA- & -
) BLCR I
a o |
::‘4‘_'7 ! —
E Expression Value

-today.day 12
5---tomorrow.da1,r 13

\i.) New checkpoint: Process 0 simple.c:49 11:55:25 (GDB)

i1
o
=
o
-
LU

DoT
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allinea Current Scalability

What has been achieved in last 12 months?

Scalable GUI
— For the first time debug 5,000 with same ease as 100
— At a glance full stack and status of all processes
10x improvement in scale limits
— lterative improvement has brought benefit
— Debugging 8k processes is comfortable
— Regular users at 4k cores
— Test rig emulating 32k cores at native speed
High end platforms
— BlueGene/P support added to list Q2/09
— Cray XT4, XT5 users at scale - 8k
— Ranger at TACC - Infiniband Sun Constellation cluster - 8k
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allinea Massive Scalability

* Changing DDT communication network to be a shallow tree

- Current limits ~4-16k processes

* Linear performance
DDT 2.4 Measured Timings

- Progress towards >> 32k processes

60
o
50 ig
40
‘B Startup
¢ Ste p Over
30
20

0 ®

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Dual Core 2.0 GHz 1GB RAM frontend

www.allinea.com SCALE TO NEW HEIGHTS



allinea Massive Scalability

* Changing DDT communication network to be a shallow tree
- Current limits ~4-16k processes
* Linear performance

Progress towards >> 32k processes
* Target of 232k

- Massive increase in scalability DDT 3.0 Performance Figures
Jaguar XT5
* Aggregation of control messages.. o1
° 0.14
....and responses _ 0_12[
- Logarithmic performance oo /
o 0.08 = All Step
2 0.06 == All Breakpoint
-qé 0.04
S o

0.02

0
0 50,000 100,000 150,000 200,000

MPI Processes
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a“inea

Presenting Data, Usefully

\ Locals = Current Line(s) | Current Stack

@ &

e Gather from every node
— Potentially costly — if all data

Current Line(s)

Variable Name Value
--my_rank 0 different
16 :
P [ — Easy if data mostly same

16/16 processes equal

— New ideas
« Aggregated statistics

expreson [my_anc13 - [ - Probabilistic algorithms
Processes in current group (All, 189120 procs) X/ Align stack frames 1 H
ik ‘ optimize performance — even
| Limit comparisonto | % sf P— ) .
e __”’ in pathological case
freeee e — ~130ms for 130,000 cores
0 03,6,9,12,15,18,21,24,2730,... Fitered: [0 | .
W - * Watch this space!
Aggregate [0—\ .
Numencal (1820 | — With a fast and scalable
sum [109120 | - -
o ] architecture, new things
become possible
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Where Next?

« DDT is the first Petascale debugger..

— A debugging tool has finally caught up with the hardware!
« Work is in progress to port every feature for scale
 Memory debugging, data visualization, ....

— How can the infrastructure be built upon?
» Does DDT offer the right framework for collaboration?
« Can we encourage a codebase of user-generated MPI tools/utilities?

... but large clusters are a fraction of HPC
— Most parallel development starts smaller
— Is now starting even smaller: GPUs
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a“inea Debugging Roadmap
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DDT 2.4.1 DDT 2.5, 2.5.1 DDT 2.6 DDT 3.0
General Release
DDT for Scalability GPGPU Massive
Blue Gene/P Performance Debugging Scalability
QT4 for CUDA
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Questions & Answers
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